48
The handling and storage of lactose and other dry food products can be complicated by a 49 problem that is well known in the food industry, i.e. the unwanted agglomeration of powder 50 particles observed as lumps of various sizes and hardness. This process, known as caking, 51 results in non-conform products and significant economic loss. Although α-lactose monohydrate 52 is generally considered to be a stable product, caking of lactose is a major problem in the dairy 53 industry. The three most relevant caking mechanisms in food powders have recently been 54 reviewed (Carpin et al., 2016) . Amorphous caking is the main mechanism in amorphous 55 powders whereby a temperature increase above the glass transition temperature (Tg) of the M A N U S C R I P T 
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67
In view of the above three mechanisms, it is obvious that caking can be influenced by several 68 parameters such as water content, particle size and shape, amorphous content, etc. Several 
170
The amounts of all minerals decreased with a higher degree of washing, with the exception of 171 calcium (Fig. 1) 
181
Using a basic mass balance with simple assumptions, the expected amount of impurities in the 182 different washing grades after decantation was calculated from the amount measured in Wash 0.
183
The water content in the decanter output was considered the same for all washing grades (i.e. 184 10%) and it was assumed that no lactose was dissolved during the decantation process. The Sieving the powders led to standardization of particle size distribution (Fig. 2) . Indeed it has 190 been shown that particle size can have a significant effect on moisture sorption (Stoklosa et al., (Fig. 3) almost 10 times more moisture than pharmaceutical grade lactose above 50% RH (Fig. 4) .
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ACCEPTED MANUSCRIPT 8 Moisture sorption was highly dependent on the washing grade. For the same particle 193 size fraction (160<x<250µm), the sorption of the unwashed powder (Wash 0) was dramatically
207
As moisture sorption occurs primarily on the surface of crystals, a comparison of the surface of 208 the different washing grade lactose powders was undertaken by scanning electron microscopy 209 (Fig. 5) . All samples from the pilot trial (Fig. 5A-D) presented a rough surface. Wash 0 powder 210 had many pores (Fig. 5A) , which would provide greater possibilities for capillary condensation 211 and could therefore partly explain the enhanced moisture sorption previously reported (Fig. 3) .
212
Compared to pharmaceutical grade lactose, which presented a smooth surface (Fig. 5E) , Wash 213 0.5, 1 and 2 powders had significant amounts of fines agglomerated on the surface of their large 214 tomahawk crystals (Fig. 5B-D 
244
The samples with different washing grades were therefore analyzed by solid-state NMR. A 245 detection limit of 0.5% amorphous lactose has been reported for this technique (Gustafsson et   246 al., 1998), which is among the lowest levels for the detection of amorphous material in 247 predominantly crystalline materials (Giron et al., 2007) . No disorder indicating amorphous M A N U S C R I P T
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10 material was detected in our samples (Fig. 6) . It can therefore be concluded that if any 249 amorphous material was present in the samples, the amorphous content was probably below 250 0.5%. However, the analysis of very low levels of amorphous material is always challenging in 251 terms of sample storage and sampling. Indeed, amorphous material can crystallize during 252 storage before analysis, thus preventing its identification. by a poorer flowability and hence a higher tendency to caking than the washed powders (Fig. 7) . 
271
The sorption isotherms of Wash 0, 1, 2 powders and pharmaceutical grade lactose showed that 272 the difference in sorption behavior was important at 60% and room temperature (Fig. 3 and Fig.   273 4). During the caking experiments, the samples were given time to equilibrate with ambient air at 274 60% RH. Due to humidity caking, the caking tendency was therefore expected to be enhanced 275 for samples which could adsorb more moisture. This was confirmed by the flowability results
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11 after storage (Fig. 7) .
278
DVS measurements. The difference in the impurity levels and thus moisture sorption between 279 these two powders was probably too small for the ring shear tester to detect a difference 280 between the caking tendencies of the two powders.
281
As humidity caking could be evidenced by the caking measurements with the ring shear tester, • Caking of lactose results in non-conform products and significant economic loss.
• Impurities in the lactose powder increased moisture sorption and caking tendency.
• The ring shear tester is a valuable tool to assess caking.
• The washing and purification steps should be closely monitored to limit caking.
